Background: Cervical cancer patients with stage IVB, persistent, or recurrent disease after complete primary treatment are usually treated with systemic chemotherapy. Circulating blood components have been a target of study relative to their ability to predict cancer outcomes; however, no previous study has focused on patients with advanced, persistent, or recurrent cervical carcinoma who were treated by chemotherapy, which adversely affects hematopoietic and immune activity. The predictive value of complete blood cell differential counts in patients with stage IVB, persistent, or recurrent cervical cancer treated by chemotherapy, may be able to triage these patients. Methods: This retrospective chart review was conducted in cervical cancer patients with stage IVB disease, persistent disease, or recurrent disease who were treated by chemotherapy during January 2006 to January 2017 were reviewed. Follow-up data were collected through July 2017. Results: A total of 355 cervical carcinoma patients were included. Of those, 63 patients received chemotherapy as primary treatment, and 292 patients received chemotherapy for persistent or recurrent disease. Mean age was 52.5 ± 10.3 years, median age was 51.9 years (IQR: 45.0-59.7), and mean BMI was 23.3 ± 4.9 kg/m 2 . Overall response rate was 37.5%, with a median progression free survival (PFS) of 5.7 months, and with a median overall survival (OS) of 38.1 months. Multivariate analysis revealed elevated platelet count (> 400,000/mm
Background
Cervical cancer is the fourth most common cancer among women worldwide, with an estimated 569,847 new cases and 311,365 deaths in 2018 [1] . In Thailand, cervical cancer is the second most common cancer in women after breast cancer, with approximately 5513 new cervical cancer cases diagnosed in 2014 [2] . Stage I-IIA cervical cancer is usually curable with primary treatment, either by surgery or chemoradiotherapy. Chemoradiotherapy is also used as a primary treatment in stage IB-IVA disease. However, patients who have stage IVB, persistent, or recurrent disease after complete primary treatment are usually treated with systemic chemotherapy [3] .
Oncologic outcomes after chemotherapy were fair, with overall response rates that varied from 22 to 35% [4] [5] [6] . Multiple factors, including stage of disease, lymph node metastasis, and various biological markers, have been studied in order to identify significant prognostic factors that predict cancer specific survival. Circulating blood components have also been a target of study relative to their ability to predict cancer outcomes. Association between tumors and inflammatory response has been reported in a variety of cancers [7, 8] . However, the findings of those studies varied according to the specific organ being studied. Many aspects of the immune system have been studied in cervical cancer patients; however, all of those studies were conducted in a surgical setting, all were stage-specific, or all patients had squamous cell carcinoma subtype [9] [10] [11] [12] . Based on our review of the literature, no previous study has focused on patients with advanced, persistent, or recurrent cervical carcinoma who were treated by chemotherapy, which directly destroys hematopoietic activity and may cause differences in immune activity. Accordingly, the aim of this study was to investigate the predictive value of complete blood cell differential counts relative to overall response rate, progression free survival (PFS), and overall survival (OS) in patients with stage IVB, persistent, or recurrent cervical cancer treated by chemotherapy.
Methods

Participants and design
After receiving ethical approval from the Siriraj Institutional Review Board (SIRB) (COA no. Si 025/2017), a retrospective chart review was conducted in cervical cancer patients with stage IVB disease, persistent disease, or recurrent disease who were treated by chemotherapy during 1 January 2006 to 1 January 2017 at the Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand. Siriraj Hospital is Thailand's largest national tertiary referral center. Patients that received only one cycle of chemotherapy, that had neuroendocrine histopathology, or that had other disease that affects blood component levels (e.g., hematologic malignancies, infectious disease, or autoimmune disease) were excluded ( Fig. 1) .
Measures
Data gathered from medical records included demographic data, tumor characteristics, primary treatment Fig. 1 Flowchart describing the patient enrollment process data, chemotherapeutic agents, baseline complete blood count values at initiation of the first cycle of chemotherapy, and oncologic outcomes. Demographic, anthropometric, and other clinical data included age, body mass index (BMI), menopausal status, parity, underlying diseases, and presenting symptoms. BMI was stratified according to World Health Organization (WHO) recommendations with modification into 3 groups (< 18.5 = underweight, 18.5 to 24.9 = normal BMI, and ≥ 25 = overweight or obesity). Tumor characteristics included gross appearance, histopathology types, the International Federation of Gynecology and Obstetrics (FIGO) stage, primary treatment, and sites of disease before chemotherapy initiation. Oncologic outcomes relative to overall response rate (defined as rate of complete response plus rate of partial response), PFS, and OS were evaluated. Cancer stage was reclassified according to FIGO 2018 guidelines [3] . Complete blood cell counts and automated differential counts were performed within 1 week before initiation of the first cycle of chemotherapy. The normal level of each hematologic component was determined by Siriraj hospital's hematologic laboratory. Since there is no established neutrophil-lymphocyte ratio cut-point, the median neutrophil-lymphocyte ratio of 3.6 that was identified in this study was used as the cut-point in this study. Treatment response was reclassified according to the Response Evaluation Criteria in Solid Tumor (RECIST) 1.1 guideline [13] . Overall response rate was defined as rate of complete response plus rate of partial response. Cervical carcinoma that reappeared at ≥6 months after complete primary treatment was defined as recurrent disease. Disease that persisted or reappeared within 6 months after primary treatment was defined as persistent disease. PFS was defined as time from initiation of chemotherapy to reappearance or progression of disease. OS was defined as time from initiation of chemotherapy to cancer specific death.
Statistical analysis
The sample size was calculated based on a 30% response rate to chemotherapy. This rate was derived from the reported findings from 3 previous studies that reported response rates that ranged from 22 to 35% [4] [5] [6] . In order to achieve a level of confidence of at least 95%, a minimum sample size of 355 patients was required. SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Kolmogorov-Smirnov test was used to test the normality of continuous data. Demographic data were summarized using descriptive statistics. Data are presented as number and percentage, mean ± standard deviation (SD), or median and interquartile range (IQR). Univariate analysis was performed to individually evaluate the predictive significance of each factor. All risk factors with a p-value of less than 0.05 in univariate analysis were included in multiple logistic regression analysis to identify independent predictors for overall response rate, PFS, and OS. Survival analysis was performed using Kaplan-Meier method and Cox proportional hazard regression analysis. A p-value of < 0.05 was considered to be statistically significant for all tests.
Results
A total of 355 cervical carcinoma patients were analyzed. Of those, 63 patients received chemotherapy as primary treatment, and 292 patients received chemotherapy for persistent or recurrent disease. Mean age was 52.5 ± 10.3 years, median age was 51.9 years (IQR = 45.0-59.7), and mean BMI was 23.3 ± 4.9 kg/m 2 . One hundred and sixty-nine women (47.6%) were in menopause. Median parity was 2 (IQR = 1-3), and 71.8% of patients received a platinum-based agent (cisplatin or carboplatin depending on patient renal function) combined with paclitaxel. Median number of chemotherapy cycles was 6 (IQR = 5-6). The median value of hematologic components was, as follows: white blood cells 6900/mm 3 Table 1 .
The overall response rate was 37.5% (133/355 patients). Of those 133 patients, 98 patients (73.7%, 95% confidence interval [CI]: 66.1-80.7) had recurrence or progression of disease, and the remaining 35 patients achieved remission after the first-round chemotherapeutic treatment until the end of the study. The median PFS in all study patients was 5.7 months (IQR = 4.3-10.4). Risk of recurrence or progression at 1-year, 2-year, 3-year, and 5-year was 77.6, 87.6, 90.6, and 91.4%, respectively. The median OS was 38.1 months (IQR = 16.8-71.0). The 1-year, 2-year, 3-year, and 5-year OS rate was 81.1, 64.0, 54.0, and 45.0%, respectively.
Univariate and multivariate analysis for various factors that predict overall response rate, PFS, and OS are presented in Tables 2 and 3 , respectively. Multivariate analysis revealed the following: BMI < 25 kg/m 2 showed association with poor overall response rate; high neutrophil count (> 7000/mm 3 ) was identified as a predictor of short OS; and squamous cell carcinoma subtype, distant metastatic disease, and high platelet count (> 400,000/mm 3 ) were found to be individually associated with short PFS and OS. The results of significant factors in multivariate analysis were shown in Table 3 . The most valuable finding from multivariate analysis was neutrophil-lymphocyte ratio ≥ 3.6 as the only factor independently predictive of poor oncologic outcomes, relative to overall response rate, PFS, and OS. Progression free survival and overall survival curves of 355 study patients stratified by neutrophil-lymphocyte ratio are shown in Figs. 2 and 3, respectively.
Discussion
Chemotherapy is administrated for survival improvement in cervical cancer patients who have metastatic, persistent or recurrent disease. Doublets of platinum-based agents with other agents, such as topotecan, paclitaxel, gemcitabine, vinorelbine, ifosfamide, and 5-fluorouracil, are prescribed in this patient population worldwide [4] [5] [6] [14] [15] [16] . Our previous clinical study revealed satisfactory results from this treatment strategy, with an overall response rate of 37.8%. In that study, the lone independent clinical predictor of shorter OS was distant metastatic disease, while BMI ≥25 kg/m 2 and non-squamous cell carcinoma were found to be independent predictors of longer PFS [17] . Previous studies reported a range of response rates and survival times, with an overall response rate that varied from 22.3 to 62.6%. Reported PFS times and OS times ranged from 5.6 to 6.9 months and 11.6 to 18.3 months, respectively. Japanese and Thai studies showed favorable oncologic outcomes compared to outcomes reported in several Gynecologic Oncology Group (GOG) studies [4, 6, [14] [15] [16] [17] . Individual host-related factors might be major prognostic indicators related to survival, including BMI, performance status, distant metastasis, and systemic inflammatory response.
Inflammatory cell and immune response play crucial roles in oncogenic transformation, disease progression, and patients' outcomes. Tumor-associated leukocytosis is a paraneoplastic syndrome that is reported in various types of advanced solid tumor, and that is associated with poor survival in kidney cancer, melanoma, colorectal cancer, gastric and esophageal cancer, hepatocellular carcinoma, cholangiocarcinoma, head and neck cancers, and lung cancer [7] . Neutrophils are the most common leukocyte subset, and they play a pivotal role in cancer-related inflammation. It is, therefore, plausible that neutrophil count might increase during the initial phase of cancer development. The present study revealed elevated neutrophil count to be an independent predicting factor of short OS, which is consistent with the findings of previous studies [7] . Furthermore, impairment of neutrophil migration was observed during the invasive stage of cervical cancer, when compared with healthy women [18] . A high pretreatment neutrophil-lymphocyte ratio was reported to be a poor prognostic factor in solid tumors. Although the mechanisms remain unclear, recent studies reported an elevated neutrophil-lymphocyte ratio to be associated with elevation of cytokines that increased tumor macrophage function, including: interleukin-1 (IL-1), IL-6, IL-7, IL-8, IL-12, IL-17, granulocyte colonystimulating factor (G-CSF) and monocyte chemoattractant protein-1 [8, 19] . Circulating lymphocytes produce cytokines as a cellular immune response to prevent tumor growth [12] . Increased number of peripheral blood CD8 tumor infiltrating lymphocytes or detection of human papillomavirus specific T-cells are significant positive predictors of treatment outcomes in cervical cancer patients [10] . Lymphopenia at treatment initiation was associated with short survival in solid tumors in lung cancer, breast cancer, pancreatic cancer, colorectal cancer, and locally advanced cervical cancer [20] . Thus, increased peripheral neutrophil and decreased lymphocyte counts reflect enhanced tumor proliferation. High neutrophil-lymphocyte ratio corresponds with poorer outcomes, including more advanced stage, disease progression, metastatic lesions, and short survival [8] . Moreover, high neutrophil-lymphocyte ratio predicted poorer survival, and high lymphocyte count predicted better survival in ovarian cancer patients [21] . There is substantial heterogeneity among the neutrophillymphocyte ratio thresholds used to predict patient outcomes (range: > 2 to 5). Some of the reported thresholds were based on normal laboratory values, while others used median values from preliminary studies. Zhang, et al. reported that a preoperative neutrophil-lymphocyte ratio ≥ 2.213 was significantly associated with shorter PFS (HR = 1.799, 95% CI: 1.069-3.028, P = 0.027) in patients with clinical stage I-II cervical carcinoma [12] . A Korean study in 1061 patients diagnosed with stage IB-IVA cervical carcinoma found pretreatment neutrophil-lymphocyte ratio ≥ 1.9 to be significantly associated with advanced stage and younger age. The same study found a neutrophil-lymphocyte ratio ≥ 1.9 to be an independent predictor of poor PFS and OS with HR of 1.13 (95% CI: 1.08-1.18, P < 0.001), and HR of 1.19 (95% CI: 1.13-1.25, P < 0.001), respectively [9] . In a concurrent chemoradiotherapy setting, neutrophil-lymphocyte ratio ≥ 2.5 predicted poor response, shorter PFS (HR = 1.53, 95% CI: 1.19-1.97, P = 0.001), and shorter OS (HR = 2.80, 95% CI: 0.83-9.34, P = 0.005) [22] . A pretreatment neutrophillymphocyte ratio ≥ 3.03 before treatment with radiotherapy with/without chemotherapy was a negative predictive factor for PFS and OS (HR = 3.579, 95% CI: 2.106-6.082, P < 0.001, and HR = 3.322, 95% CI: 1.905-5.790, P < 0.001, respectively) [23] . Importantly, in the current study, a neutrophil-lymphocyte ratio ≥ 3.6 was found to be an independent predictor of treatment failure and short survival in cervical cancer patients who received chemotherapy. Taken together, the aforementioned findings seem to reflect association between increased severity of tumor-associated inflammation and worse oncologic outcomes. However, neutrophil-lymphocyte ratio threshold should be further investigated to identify an optimal value that can be agreed upon by clinicians, and that can be relied upon to deliver clinical utility. Monocytes are progenitors of macrophages, which are the key mediators of the immune system. Thus, circulating monocyte count is regarded as a surrogate marker for tumor-associated macrophages (TAMs). TAMs are classified into M1 and M2 types, with each having different roles in human and cancer cells. Activated M1 promotes anti-tumor response to eliminate tumor cells. In contrast, M2 suppresses adaptive immune response, and produces vascular endothelial growth factor (VEGF). TAMs were reported to have poor prognostic impact on survival in various types of malignancy, including lymphoma, lung adenocarcinoma, endometrial carcinoma, and ovarian carcinoma [24, 25] . A previous study in lung adenocarcinoma reported monocyte count > 430/mm 3 to be an independent predictor of recurrence-free survival and OS (HR = 1.765, 95% CI: 1.071-2.910, P = 0.0258, and HR = 4.339, 95% CI: 2.032-9.263, P < 0.001, respectively) [24] . A study in 141 patients with stage I-IV endometrial carcinoma found monocyte count > 500/mm 3 to be an independent predictor of decreased survival time after recurrence/ progression (HR = 3.12, 95% CI: 1.52-6.67, P < 0.001) [25] . Subsequent study in 541 patients with stage I-IV endometrial carcinoma reported monocytes > 700/mm 3 to be significantly associated with deep myometrial invasion, pelvic lymph node metastasis, and advanced stage. That study also found monocytes > 700/mm 3 to be independently associated with decreased disease-free survival (HR = 1.74, 95% CI: 1.02-2.96, P = 0.041) and decreased OS (HR = 2.63, 95% CI: 1.37-5.05, P = 0.004) [26] . An earlier study in 788 patients with stage IB1-IVA squamous cell carcinoma of the cervix reported high monocyte count as a poor prognostic factor for PFS and OS (HR =5.37, 95% CI: 1.594-18.10, P = 0.007, and HR = 3.97, 95% CI: 1.076-14.61, P = 0.038, respectively) [27] . The current study observed a contrary finding, that elevated monocyte count was not an adverse prognostic factor for PFS or OS.
Paraneoplastic thrombocytosis was driven by IL-6 and hepatic thrombopoietin, both of which stimulated tumor cell proliferation and migration; however, the mechanism is not clearly understood [28] . Previous studies in cancer patients showed that a platelet count > 400,000/mm 3 correlated with advanced stage of disease and decreased 5-year OS (odds ratio = 2.70, 95% CI: 2.03-3.61) [29] . The impact of pretreatment platelet counts in early stage Fig. 3 Overall survival in 355 cervical cancer patients stratified by neutrophil-lymphocyte ratio (NLR), P < 0.001 cervical cancer is still being debated [30] . A study in presurgical stage IB1 cervical cancer, and a GOG study in preradiated cervical cancer, revealed that increased platelet count before treatment initiation was an independent predictor of poor survival [31, 32] . In contrast, multivariate analysis in 3 studies in early stage cervical cancer found that a higher preoperative platelet count did not significantly impact PFS or OS [33] [34] [35] . The current study in stage IVB, persistent, or recurrence cervical cancer found platelet count > 400,000/mm 3 to be an independent predictor of short OS. This finding was similar to the findings from studies in patients with epithelial ovarian carcinoma and endometrial cancer [28, 36, 37] .
The strength of the current study is that common laboratory measurements were used before initiation of chemotherapy, which means that the proposed ≥3.6 neutrophil-lymphocyte ratio parameter can be used in routine practice, even in limited-resource settings. To the best of our knowledge, this is the first clinical study in the predictive effects of hematologic parameters in cervical cancer patients treated by chemotherapy. These results may be applied for use in a clinical application as a biomarker for predicting chemotherapy response, cancer recurrence, or progression after complete treatment.
This study also has some mentionable limitations. The first is its, uncontrolled non-randomized retrospective design. Second, the broad range of histologic subtypes and chemotherapeutic regimens included in this study are potential confounders. However, all histologic subtypes mentioned in this study were found in the real practice and treated with the standard treatment guideline, and all of the chemotherapeutic regimens described in this study were reported to be effective in the treatment cervical cancer. Third and last, the number of hematopoietic cell counts may not represent their functions, and each cut-off value used in this study requires validation in other populations.
Future studies should investigate the predictive effects of neutrophil-lymphocyte ratio and absolute neutrophil and monocyte counts for predicting overall response and survival relative to both appropriate cut-off values, and comparison between baseline values and nadir in first cycle or decrease in subsequent cycles of chemotherapy. Second, a prospective multicenter study should be conducted to validate the Glasgow prognostic inflammatory score in this patient population, and to establish a population specific score, particularly in high incidence countries. Third, increased understanding of intratumoral stroma and tumor islets infiltrating leukocytes would increase our understanding of the powerful impact of hematologic parameters on cancer survival. A race/continent-specific prognostic model/score using this biological information may serve as an appropriate stratification factor before treatment allocation to chemotherapy or palliative treatment. Another clinical application is as a biomarker for chemotherapy response, or predicting cancer recurrence or for predicting cancer progression after complete treatment. A novel therapeutic modality using a leukocyte-mediated approach may obtain better treatment outcomes.
Conclusions
Neutrophil-lymphocyte ratio ≥ 3.6 was identified as an independent predictor of poor oncologic outcomes relative to overall response rate, PFS and OS. 
